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Hepsetus cuvieri (Castelnau, 1861), originally described from “lac N’gami”
(Botswana) and synonymized with H. odoe (Bloch, 1794) by Roberts (1984), is
revalidated. Hepsetus cuvieri can be readily distinguished from H. odoe based on
a lower total number of gill rakers (8–13 versus 14–21); a generally higher num-




and a higher number of scales between the adipose fin and the lateral line (61/2–7
1/2
versus 41/2–6
1/2) and other characters. A neotype is designated, as the holotype of
this nominal species is apparently lost. Hepsetus cuvieri is restricted to the Quanza,
Zambezi ichthyofaunal provinces and the southern part of the Congo Basin, i.e.
the Congo ichthyofaunal province.
Keywords: Hepsetus; H. odoe; H. cuvieri; revalidation
Introduction
The African pike, Hepsetus odoe (Bloch, 1794), is an endemic African freshwater
fish belonging to the monospecific family Hepsetidae. The family was separated from
Characidae by Greenwood et al. (1966) and its definition by Roberts (1969) is mainly
based on osteological characters. Subsequently, African Characidae was separated
from Neotropical Characidae and a new denomination, Alestidae, was proposed for
the African species (Géry 1995; Buckup 1998). According to Roberts (1969), the most
prominent osteological features of Hepsetidae are the presence of numerous sharp
conical teeth extending along the entire premaxilla; the presence of an accessory
ectopterygoid bone; and a supraopercle pierced by a sensory canal. However, Vari
(1995) documented that the ectopterygoid suggested by Roberts (1969) is not an auto-
genous element, but rather a posterior process of the premaxilla. He also documented
that the presence of a canal in the suprapreopercle is common to many characiforms,
and that the laminar form of the suprapreopercle is rather a distinctive character. The
snout is pronounced and bears two pairs of dermal flaps: a smaller pair on the upper
and a larger pair on the lower jaws. These flaps are thought to be used in building the
characteristic foam nests of the species (Merron et al. 1990). The elongate body has
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the dorsal and anal fins set well back, an adipose fin is present, and the caudal fin is
forked (Skelton 2001).
Hepsetus odoe is considered to be widely distributed in river systems of western
and central tropical Africa, including most coastal rivers of West Africa from Senegal
to Angola (e.g. Niger, Volta, Chad, Ogowe, Congo and upper Zambezi) (Roberts 1984)
and southwards to the Okavango delta in Botswana. It is notably absent in the Nile
and the Great Lakes of East Africa (Skelton 2001). Contrary to Skelton (2001), the
presence of Hepsetus in the Zambian Congo is confirmed by a single record from
“Chishela” (Zambia) (NRM 12614).
The species name H. odoe is based on the holotype originating from the “Coasts
of Guinea” (ZMB 3615). However, one additional nominal species and two subspecies
(the described varieties are considered subspecies following ICZN [1999], art. 45.6.4)
have been described from elsewhere in Africa: Hepsetus cuvieri (Castelnau, 1861) from
“lac N’gami” in Botswana for which the holotype is apparently lost; Hepsetus odoe
var. microlepis (Boulenger, 1901) which was described from “Congo et lac Ngami”
in the Democratic Republic of Congo (DRC) and Botswana and for which no types
are known; and finally H. odoe var. lineata (Pellegrin, 1926) described from “Tshela,
Chiloango” in the DRC with two syntypes (MRAC 19132 and MNHN 1925-0248).
Roberts (1984) formally synonymized H. cuvieri with H. odoe and did not recognize
either described subspecies.
Preliminary examination of some Hepsetus specimens from southern Africa
(Angola, Botswana and Zambia) and the southern part of the Congo River basin
(Angola, DRC), revealed them to differ from the original description and the holo-
type of H. odoe but to conform instead to the description of H. cuvieri (Castelnau,
1861), which is revalidated herein.
Materials and methods
Since Roberts (1984) the family Hepsetidae has been regarded as monospecific; this
has resulted in the absence of any further systematic attention and few detailed defini-
tions of measurements and counts are available in the literature. As an aid to further
species discrimination, a detailed description of the measurements and counts taken
is given below.
A total of 36 measurements and 24 counts were taken on each Hepsetus speci-
men examined. All measurements were made point to point unless otherwise stated.
Measurements on the head are expressed in percentage of head length (HL) whereas
measurements on the body are expressed in percentage of standard length (SL).
Body measurements (Figure 1)
Total length (TL): from anterior tip of snout (premaxillae) to furthest posterior tip of
upper lobe of caudal fin (1). Standard length (SL): from anterior tip of snout (premax-
illary symphysis) to the point of caudal flexion (2, point C). Pre-dorsal length: from
anterior tip of snout to anterior base of first dorsal-fin ray (3). Dorsal–adipose length:
from posterior tip of dorsal-fin base to anterior tip of adipose-fin base (4). Adipose–
caudal length: from posterior tip of adipose-fin base to dorsal point of attachment
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to anterior tip of pectoral-fin base (6). Pectoral–pelvic length: from posterior tip of
pectoral-fin base to anterior tip of pelvic-fin base (7). Pelvic–anal length: from pos-
terior tip of pelvic-fin base to anterior tip of anal-fin base (8). Anal–caudal length:
from posterior tip of anal-fin base to ventral point of attachment of caudal fin to tail
(9, point CL). Dorsal-fin base length: from anterior to posterior tip of dorsal-fin base
(10). Adipose-fin base length: from anterior to posterior tip of adipose-fin base (11).
Pectoral-fin base length: from anterior to posterior tip of pectoral-fin base (12). Pelvic-
fin base: from anterior to posterior tip of pelvic-fin base (13). Anal-fin base length:
from anterior to posterior tip of anal-fin base (14). Pre-anal length: from anterior tip of
snout to anterior border of anus (15). Post-anal length: from posterior border of anus
to centre base of caudal fin (16, point C). Dorsal fin height: from anterior tip of first
dorsal-fin ray base to highest tip of dorsal edge of dorsal fin (17). Adipose fin height:
from anterior tip of adipose-fin base to highest tip of dorsal edge of adipose fin (18).
Pectoral fin height: from anterior tip of first pectoral-fin ray base to posterior distal tip
of longest fin ray (19). Pelvic fin height: from anterior tip of pelvic-fin base to longest
posterior distal edge of pelvic fin (20). Anal fin height: from anterior tip of anal-fin
base to longest posterior distal edge of anal fin (21). Caudal–peduncle length: from
posterior base of last anal-fin ray to centre base of caudal fin (22, point C). Caudal–
peduncle depth: minimum vertical distance across caudal peduncle (23). Body depth:
from base of first dorsal-fin ray to point along belly, perpendicular to a head-to-tail
horizontal axis (24).
Head measurements [Figure 2(A), unless otherwise stated]
Head length (HL): from anterior tip of snout (premaxillary symphysis) to tip of poste-
rior border of opercle (1). Nostril length: from anterior to posterior border of nostril
(2). Nostril–eye length: from posterior border of nostril to anterior border of eye (3).
Snout length: from anterior tip of snout (premaxillary symphysis) to anterior bor-
der of eye (4). Eye diameter: greatest horizontal distance across bony orbit (5). Head
depth: from most posterior point on lower jaw angle to a point on upper surface of
head following a perpendicular line with upper surface of head (6). Eye–lower jaw
length: from between ventral border of eye and most posterior point on lower jaw
angle (7). Nostril–lower jaw length: from ventral border of nostril to most posterior
point on lower jaw angle (8). Lower-jaw length: from the most posterior point on lower
jaw angle to anterior tip of lower jaw (9). Upper-jaw length: from the most posterior
point on lower jaw angle (10) to anterior tip of snout. Head width: minimum distance
measured at suture line between preopercle and opercle with gentle suppression of
opercula [Figure 2(B) no. 11]. Inter-orbital distance: minimum distance between bony
orbits of eyes [Figure 2(B) no. 12]. Inter-nasal distance: minimum distance between
nostrils [Figure 2(B) no. 13].
Counts (Figure 1)
Total number of scales along lateral line: scales on lateral line from posterior border of
operculum to beginning of caudal fin (from L1 to L4). Scales between dorsal fin and
lateral line: number of scales from anterior base of dorsal-fin base to point at which
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Figure 1. Body measurements and counts taken on Hepsetus specimens. (1) Total length; (2)
standard length; (3) pre-dorsal length; (4) dorsal–adipose length; (5) adipose–caudal length; (6)
pre-pectoral length; (7) pectoral–pelvic length; (8) pelvic–anal length; (9) anal–caudal length;
(10) dorsal-fin base length; (11) adipose-fin base length; (12) pectoral-fin base length; (13)
pelvic-fin base length; (14) anal-fin base length; (15) pre-anal length; (16) post-anal length; (17)
dorsal fin height; (18) adipose fin height; (19) pectoral fin height; (20) pelvic fin height; (21)
anal fin height; (22) caudal–peduncle length; (23) caudal–peduncle depth; and (24) body depth.
Reference points: (L1) first lateral line scale; (L2) scale where dorsal scale row connects with the
lateral line; (L3) scale where adipose scale row connects with the lateral line; (L4) last lateral
line scale; (C) point of caudal flexion; (CU) upper caudal point; (CL) lower caudal point.
between adipose fin and lateral line: number of scales from anterior base of adipose
fin base to point at which anteriorly directed scale row meets lateral line (L3), exclud-
ing lateral line scale. Scales between pelvic fin and lateral line: number of scales from
anterior base of pelvic fin to point at which posterior directed scale row meets lateral
line (L2), excluding lateral line scale. Scales between anal fin and lateral line: number
of scales from anterior base of anal-fin base to point at which posterior directed scale
row meets lateral line (L3), excluding lateral line scale. Pre-dorsal scales: number of
scales form posterior border of opercle to point where row from dorsal-fin base scale
meets lateral line (point L2, scale at point L2 not included). Dorsal–adipose scales:
number of scales between point L2 (scale at point L2 included) and point L3 (scale
at point L3 not included). Adipose–caudal scales: number of scales between point L3
and centre base of caudal fin (point L4) along lateral line. Scale at point L3 included.
The following fin ray counts were taken: dorsal fin, pectoral fin, pelvic fin, anal fin
and caudal fin, respectively upper lobe and lower lobe. Fins were stretched and held
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Figure 2. Head measurements taken on the Hepsetus specimens: (A) lateral view; (B) dorsal
view. (1) Head length; (2) nostril length; (3) nostril–eye length; (4) snout length; (5) eye diameter;
(6) head depth; (7) eye–lower jaw length; (8) nostril–lower jaw length; (9) lower jaw length; (10)
upper jaw length; (11) head width; (12) inter-orbital distance; and (13) inter-nasal distance.
in roman numerals for unbranched rays, and Arabic numbers for branched rays.
First upper-arch gill rakers (UR): number of gill rakers on upper, shorter, arm (epi-
branchial) of first gill arch. URp: number of small bony plates on epibranchial of first
gill arch (situated dorsal to gill rakers). First lower-arch gill rakers (LR): number of gill
rakers on lower, longer, arm (ceratobranchial) of first gill arch. LRp: number of small
bony plates on ceratobranchial of first gill arch (situated ventral to of gill rakers). Total
number of gill rakers on first gill arch expressed as total = UR/1/LR, where the “1”
accounts for the gill raker in the angle of the arch. A dissection of the first branchial
arch was necessary to obtain an accurate count of the gill rakers. Accurate gill-raker
counts could not be obtained for the holotype of H. odoe (ZMB 3615) and one of
the syntypes of H. odoe var. lineata (MNHN 1925-0248) as no dissection has been
performed on these specimens.
Additional observations were made for the following features: colour and shape of
dorsal fin; presence, number and shape of stripes radiating from posterior border of
eye (i.e. on the infra-orbital bones); and colour pattern on flanks.
Principal component analysis (PCA) was used to explore and analyse the respec-
tive raw meristics, the log-transformed measurements and measurements in percent-
ages. Size-free comparison of log-transformed data for all the specimens was achieved
by discarding the first principal component (PC1) as mainly a size factor (Humphries
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axes (also PCI) are taken into account (Snoeks 2004; Vreven and Snoeks 2009). Non-
parametric Mann–Whitney U tests, with sequential Bonferroni correction according
to Rice (1989) were used to test for significant differences between respective univari-
ate comparisons of meristics and morphometrics (Snoeks 2004; Vreven and Teugels
2005). The pre-anal length was not included in PCAs, since many specimens were
cut open from the anus towards their belly, rendering accurate measuring impossible.
Statistical analyses were performed with STATISTICA 8.0. Specimens with missing
data for counts or measurements due to specimen damage were case-wise deleted and
as such were not included in the PCAs.
Seventy-four Hepsetus specimens housed in the collections of the Royal Museum
of Central Africa (MRCA), Tervuren, (Belgium) and the Natural History Museum
(BMNH), London (UK) were examined. Further, the second syntype of H. odoe var.
lineata housed at the Muséum d’Histoire Naturelle, Paris (France) (MNHN 1925-248)
was also examined. The holotype of H. odoe (ZMB 3615) was examined by Rainer
Sonnenberg of the Zoologisches Forschungsmuseum Alexander Koenig (ZFMK)
and Dr. Peter Bartsch of the Zoologisches Museum für Naturkunde, Humboldt
Universität (ZMB).
To explore the meristic and morphometrics data for possible differences, the spec-
imens of Hepsetus were initially assigned to three groups based on their geographic
origin: (1) Guinea, i.e. the Upper Guinea ichthyofaunal province, the site of origin
of the holotype of H. odoe; (2) the Congo River Basin, i.e. the Congo ichthyofaunal
province (Angola and DRC); and (3) southern Africa, i.e. the Quanza and Zambezian
ichthyofaunal provinces (Angola, Botswana and Zambia). The boundaries of the
ichthyofaunal provinces follow Lévêque (1997).
Institutional abbreviations follow Eschmeyer (2010). Other abbreviations are:
DRC: Democratic Republic of Congo.
Results
Meristics
A PCA was performed on 13 meristics for all specimens of Hepsetus (n = 71)
(Figure 3). The most important factor loadings are given in Table 1. Hepsetus speci-
mens from southern Africa and the southern part of the Congo River basin, (herein
referred to as Congo Basin “South”), identified as H. cuvieri (see neotype designation
from Lake Ngami), are situated in the negative part of PCI and clearly separated from
the Guinea specimens which are entirely situated in the positive part of PCI. Further,
the Hepsetus specimens from southern Africa and Congo Basin “South” are clearly
separated from the specimens from the northern part of the Congo River Basin (i.e.
the lower and the middle Congo River Basin (Kasai River Basin excluded), herein
referred to as the Congo Basin “North”), which are mainly situated on the positive
part of PCI. Note also that the syntype of H. odoe lineata is clearly not conspecific
with the specimens from H. cuvieri. PCI is mainly defined by the total number of gill
rakers on the first gill arch (see Table 1). PCII, however, does not allow differentiation
between pre-assigned geographic groups.
A scatterplot of the number of gill rakers by geographic group and against stan-
dard length (SL) confirms that the difference is group related and size independent,
i.e. that there is no allometry in Hepsetus for this meristic (plot not shown). Indeed,
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Figure 3. Scatterplot of PCI against PCII for a PCA carried out on 13 meristics for all exam-
ined specimens (n = 71). Hepsetus cuvieri: () neotype and () specimens (specimens from
Congo Basin “South”, i.e. from southern Kasai and the southern part of the upper Congo
Basin, separately encircled with dotted line; H. odoe: () specimens from Guinea; H. cf. odoe:
(◦) specimens from Congo Basin “North” (from the lower and middle Congo Basin, i.e. with
Kasai Basin excluded); and H. odoe var. lineata: () syntypes.
can be characterized by the following meristics which were highly significantly dif-
ferent (Mann–Whitney U, p < 0.001 after Bonferroni correction) from both the
specimens from the Congo Basin “North” as well as those from Guinea (Table 2):
a low total number of gill rakers on the first gill arch (8–13 versus 14–21); generally
a higher number of scales between the dorsal fin and the lateral line (101/2–111/2 ver-
sus 71/2–101/2); and typically a higher number of scales between the adipose fin and the
lateral line (61/2–71/2 versus 41/2–61/2). The latter count was significantly different only,
i.e. not highly significantly different, to the specimens from Congo Basin “North”
(Mann–Whitney U, p < 0.05 after Bonferroni correction).
Morphometrics
A second PCA was carried out on 35 log-transformed measurements of all exam-
ined specimens (n = 64) (Figure 4). The most important factor loadings are given in
Table 3. The specimens from the Congo Basin “North” are situated entirely on the neg-
ative part of PCII whereas the specimens from Guinea are entirely in the positive part;
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Table 1. Factor loadings for the first three principal component axes of a PCA carried out on
13 meristics of all examined specimens (n = 71). The most important meristics are in bold.
PCI PCII PCIII
Total number of lateral line
scales
0.148163 0.662694 −0.129893
Scales between dorsal fin and
lateral line
−0.325090 −0.030862 −0.112123
Scales between adipose fin and
lateral line
−0.324434 −0.051699 −0.252301
Scales between pelvic fin and
lateral line
−0.242908 0.210873 −0.218461
Scales between anal fin and
lateral line
−0.305148 −0.061137 −0.308280
Pre-dorsal scales 0.228223 0.250620 −0.014671
Dorsal–adipose scales 0.095613 0.535038 0.350943
Adipose–caudal scales −0.077293 0.312866 −0.632233
Epibranchial gill rakers on first
gill arch
0.348204 −0.108510 −0.180740
Epibranchial gill plates on first
gill arch
−0.282099 0.122091 0.367164
Ceratobranchial gill rakers on
first gill arch
0.331594 −0.064463 −0.158044
Ceratobranchial gill plates on
first gill arch
–0.323350 0.147857 0.123108
Total number of gill rakers on
first gill arch (UR/1/LR)
0.363938 −0.096684 −0.182849
are mainly situated on the positive part of PCII. Most important in PCII are nostril–
eye length; adipose–caudal length; and the inter-nasal distance (see Table 3). Of these
variables only the inter-nasal distance is a good discriminative measure between the
specimens from the Congo Basin “North” and other specimens (see Figure 5). Note
that here the syntypes of H. odoe lineata both fall inside the group of specimens here
identified as H. cuvieri. Further, on PCIII the specimens from Congo Basin “North”
are almost entirely situated in the positive part of the axis whereas the specimens from
southern Africa and Congo Basin “South”, here identified as H. cuvieri, are situated
almost entirely in the negative part of this axis. Note that the specimens from Guinea
overlap entirely with the specimens of Congo Basin “North” on PCIII, whereas there
is almost no overlap with those from southern Africa. The most important factor
loadings of PCIII are nostril–eye length and adipose-fin base length (see Table 3).
However, none of these variables are discriminatory between the different populations
and species.
Finally, a third PCA was carried out on 34 measurements expressed as percentages
of SL or HL of all Hepsetus specimens (n = 65) (plot not shown) to further explore
the morphometric data. We observed similar outcomes as for the PCA on the log-
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Table 2. Results of Mann–Whitney U tests for the 13 meristics included in the PCA with
Hepsetus specimens grouped as follows: (a) Guinea, i.e. H. odoe; (b) Southern Africa and Congo
basin “South”, i.e. H. cuvieri; and (c) Congo Basin (CB) “North”, i.e. H. cf. odoe. Highly sig-
nificant values (p < 0.001 after Bonferroni correction) are in bold and underlined; significant
values (p < 0.05 after Bonferroni correction) are in bold and italic.
Guinea × S. Africa Guinea × CB
“North”
S. Africa × CB
“North”
Total number of lateral line
scales
0.009435 0.001931 0.240656
Scales between dorsal fin and
lateral line
0.000000 0.000000 0.000009
Scales between adipose fin and
lateral line
0.000000 0.000000 0.000077
Scales between pelvic fin and
lateral line
0.000040 0.121383 0.000109
Scales between anal fin and
lateral line
0.000000 0.000002 0.004993
Pre-dorsal scales 0.000355 0.005015 0.255953
Dorsal–adipose scales 0.104082 0.002121 0.051179
Adipose–caudal scales 0.379462 0.320428 0.910136
Epibranchial gill rakers on first
gill arch
0.000000 0.001241 0.000000
Epibranchial gill plates on first
gill arch
0.000000 0.948412 0.000000
Ceratobranchial gill rakers on
first gill arch
0.000000 0.215242 0.000000
Ceratobranchial gill plates on
first gill arch
0.000000 0.434340 0.000000
Total number of gill rakers on
first gill arch (UR/1/LR)
0.000000 0.005287 0.000000
To summarize, the specimens from southern Africa, Congo Basin “South”, herein
identified as H. cuvieri, and Guinea are distinguishable from those from the Congo
Basin “North” on the PCII for the PCA of log-transformed measurements (Figure 4)
and on a combination of PCI and PCII for the PCA on the percentages (plot not
shown). However, in both analyses the specimens from Guinea show a notable over-
lap with the specimens from southern Africa and Congo Basin “South”. As such,
Hepsetus specimens from H. cuvieri can morphometrically be distinguished from the
specimens from the Congo Basin “North” by a combination of the following charac-
teristics (Mann–Whitney U, p < 0.001 after Bonferroni correction; see also Table 4):
a narrow inter-orbital distance (28.1 ± 2.2 [23.7–32.4] versus 34.2 ± 2.3 [28.8–39.0])
(plot not shown); a narrow inter-nasal distance (20.7 ± 1.8 [17.9–25.6] versus 27.1 ±
1.8 [23.1–30.5]) (Figure 5); a smaller head width (33.6 ± 2.8 [28.8–40.4] versus 39.2
± 3.0 [34.4–45.7]) (Figure 6); and a shorter snout length (37.3 ± 0.9 [35.6–38.9] ver-
sus 40.6 ± 1.2 [38.8–42.5]). However, the latter has a slight overlap (not illustrated)
and therefore is not a good diagnostic character. Measurements of fin base length as
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Figure 4. Scatterplot of PCII against PCIII for a PCA carried out on 35 log-transformed mea-
surements for all examined specimens (n = 65). Hepsetus cuvieri: () neotype and () specimens
(specimens from Congo Basin “South”, i.e. from southern Kasai and the southern part of the
upper Congo Basin, separately encircled with dotted line); H. odoe: () holotype and () spec-
imens from Guinea; H. cf. odoe: (◦) specimens from Congo Basin “North” (from the lower and
middle Congo Basin, i.e. with Kasai Basin excluded); and H. odoe var. lineata: () syntypes.
and the Congo Basin “North” specimens. Nevertheless, there is overlap for these
measurements between populations.
Hepsetus cuvieri (Castelnau, 1861)
(Tables 5, 6; Figure 7)
Neotype
BMNH 1910.5.31.21, 160.0 mm SL, Lake Ngami (± 20◦ 30′ S 22◦ 40′ E) (Botswana)
Coll. Esq. R. Woosman.
Note on the neotype designation
The specimen herein designated as the neotype of H. cuvieri, although missing a few
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Table 3. Factor loadings for the first three principal component axes of a PCA carried
out on 35 log-transformed morphometric measurements of all examined specimens
(n = 65). The most important variables are in bold.
Measurements PCI PCII PCIII
Standard length −0.272581 0.023719 −0.003896
Pre-dorsal length −0.270248 0.011605 0.005183
Dorsal–adipose length −0.289221 0.056414 −0.023352
Adipose–caudal length −0.249530 0.106507 0.055961
Pre-pelvic length −0.264634 0.005945 −0.006596
Pelvic–pectoral length −0.301694 0.012026 −0.008395
Pectoral–anal length −0.291462 0.033679 −0.032513
Anal–caudal length −0.288995 0.062347 0.015314
Dorsal-fin base −0.301943 0.038449 −0.040442
Adipose-fin base −0.308560 0.015454 –0.056678
Pectoral-fin base −0.347705 −0.060310 0.050499
Pelvis-fin base −0.349873 −0.071126 0.012918
Anal-fin base −0.285701 0.016425 −0.036054
Post-anal length −0.280382 0.011696 −0.031393
Dorsal fin height −0.288376 0.022098 0.024943
Adipose fin height −0.237509 0.052010 0.022235
Pectoral fin height −0.308914 −0.002654 0.040886
Pelvic fin height −0.283523 −0.012346 0.047106
Anal fin height −0.256679 −0.001173 0.016540
Caudal–peduncle length −0.270191 0.044102 −0.029729
Caudal–peduncle depth −0.316149 −0.016309 −0.023206
Body depth −0.332345 −0.038135 −0.022115
Head length −0.267522 0.004986 0.000216
Nostril length −0.205226 −0.023563 −0.055056
Nostril–eye length −0.268718 –0.121157 –0.067479
Snout length −0.267177 −0.024013 0.008681
Eye diameter −0.175481 0.022020 0.017973
Head depth −0.307436 0.015658 0.002112
Eye–lower jaw length −0.363431 0.034023 −0.012115
Nostril–lower jaw length −0.310226 0.022591 −0.000289
Lower jaw length −0.288871 0.004664 −0.001284
Upper jaw length −0.288167 0.005626 0.001896
Head width −0.331330 −0.051044 0.024029
Interorbital distance −0.327279 −0.050258 0.044306
Internasal distance −0.317153 –0.086391 0.042960
Other specimens examined
Angola. BMNH 1965.3.15.351–352, 132–175.5 mm SL, Cubangamua River, at
Cuima, tributary of the Cunene River (Cuima ± 13◦ 13′ S, 15◦ 42′ E). MRAC 158582,
245.0 mm SL, Muita Luembe (± 7◦ 50′ S, 21◦ 22′ E). MRAC 158583, 224.5 mm, SL,
Lac Calundo (± 11◦ 48′ S, 20◦ 52′ E). MRAC 158584, 311.5 mm SL, Maludi, River
Luembe (± 8◦ 02′ S, 21◦ 20′ E). MRAC 78-006-P-0465, 197.5 mm SL, Lumboma,
River Luembe, Basin River Kasai (± 07◦ 51′ S, 21◦ 27′ E). MRAC 78-006-P-0466,
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Figure 5. Scatterplot of inter-nasal distance (IN) (in % HL) against head length (HL) (in mm)
for all examined specimens (n = 72). See Figure 4 for symbols.
Botswana. BMNH 1976.3.18:2357-2359, 135.5–158.0 mm SL, Thalamakane River,
upstream of Maun (Maun ± 19◦ 59′ S, 23◦ 25′ E). BMNH 1976.3.18:2360-2362, 210.0–
249.5 mm SL, Shorobe lagoon, Thamalakane River, upstream of Maun (Maun ± 19◦
59′ S, 23◦ 25′ E). MRAC 89-012-P-0568-570, 139.5–162.0 mm SL, Okavango delta,
Tokatsebee, Boro River (± 19◦ 55′ S, 23◦ 30′ E).
Zambia. BMNH 1969.9.25:34, 206.5 mm SL, Voissia edge, Chiansi lagoon, Kafue
(Chiansi lagoon ± 15◦ 42′ S, 28◦ 00′ E). MRAC 94-019-P-0641-0643, 111.0–138.5 mm
SL, Kashilu, 5 km upstream from mouth, Luapula River (Luapula ± 9◦ 26′ S, 28◦
33′ E).
Democratic Republic of Congo. MRAC 14209, 242.0 mm SL, rivière. Luapula à
Kasenga (± 10◦ 22′ S, 28◦ 38′ E). MRAC 14230, 333.0 mm SL, Luapula à Kasenga (±
10◦ 22′ S, 28◦ 38′ E). MRAC 81285, 260.0 mm SL, Kasenga, fleuve Luapula (± 10◦ 22′
S, 28◦ 38′ E). MRAC 177040-042, 91.5–106.0 mm SL, Kisenge, River Luashi, affluent
de la rivière. Luala, Terr. De Dilolo (± 10◦ 41′ S, 23◦ 10′ E).
Diagnosis
Hepsetus cuvieri can be distinguished from H. odoe based on a lower total number
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Table 4. Results of Mann–Whitney U test for the 34 measurements (expressed in percent-
ages) included in the PCA and with Hepsetus specimens grouped as follows: (a) Guinea, i.e.
H. odoe; (b) Southern Africa and Congo Basin (CB) “South”, i.e. H. cuvieri; and (c) Congo
Basin “North”, i.e. H. cf. odoe. Highly significant values (p < 0.001 after Bonferroni correction)
are in bold and underlined; significant values (p < 0.05 after Bonferroni correction) are in bold
and italic. All specimens were included in the analysis, since there was no significant difference
in SL between the groups.
Guinea × S. Africa Guinea × CB
“North”
S. Africa × CB
“North”
Standard length 0.511636 0.623326 0.633915
Pre-dorsal length 0.178670 0.000004 0.003190
Dorsal–adipose length 0.040947 0.004457 0.103093
Adipose–caudal length 0.000010 0.000010 0.614489
Pre-pelvic length 0.012561 0.000103 0.181213
Pelvic–pectoral length 0.804562 0.077101 0.108702
Pectoral–anal length 0.605577 0.108985 0.036197
Anal–caudal length 0.000789 0.002568 0.469405
Dorsal-fin base 0.000004 0.909070 0.000001
Adipose-fin base 0.477676 0.714746 0.420321
Pectoral-fin base 1.000000 0.000010 0.000000
Pelvic-fin base 0.070702 0.000000 0.000001
Anal-fin base 0.013346 0.137623 0.283985
Pre-anal length 0.398777 0.025134 0.243830
Post-anal length 0.000043 0.006337 0.121713
Dorsal fin height 0.352032 0.723297 0.473989
Adipose fin height 0.000023 0.000010 0.671595
Pectoral fin height 0.001216 0.000545 0.000004
Pelvic fin height 0.031425 0.000002 0.000000
Anal fin height 0.156724 0.059347 0.002612
Caudal–peduncle length 0.491119 0.033648 0.006905
Caudal–peduncle depth 0.002783 0.000164 0.503813
Body depth 0.000623 0.000009 0.038469
Head length 0.094325 0.000113 0.003287
Nostril length 0.170491 0.031768 0.690794
Nostril–eye length 0.003443 0.000000 0.005606
Snout length 0.003202 0.000000 0.000000
Eye diameter 0.002397 0.000474 0.370741
Head depth 0.180028 0.337321 0.086390
Eye–lower jaw length 0.048578 0.485982 0.009317
Nostril–lower jaw length 0.214511 0.007025 0.017589
Lower jaw length 0.357750 0.303995 0.770225
Upper jaw length 0.731239 0.303931 0.720324
Head width 0.137610 0.000000 0.000000
Interorbital distance 0.001278 0.000000 0.000000
Internasal distance 0.002568 0.000000 0.000000
scales between the dorsal fin and the lateral line (101/2–111/2 versus 71/2–101/2); a typically
higher number of scales between the adipose fin and the lateral line (61/2–71/2 versus 41/2–
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Figure 6. Scatterplot of head width (HW) (in % HL) against head length (HL) (in mm) for all
examined specimens (n = 73). See Figure 4 for symbols.
brown blotches on the lateral surface of the body versus the presence of vertical brown
stripes/bars in that region in H. odoe.
Description
Meristic and morphometric data are given in Tables 5 and 6 respectively. Maximum
size: 350 mm SL. Head narrow and deep. Snout pointed, narrow and short. Body
form elongate with dorsal and anal fins set well back. Laterally compressed, body
torpedo-shaped.
Colouration of preserved specimens
Overall body colour marbled light to darker brown dorsal surface. Dark or light-
brown dorsal surface with mottled dark brown blotches (not always very obvious
in preserved specimens) on flanks and cream coloured ventrally. Fins grey or black-
ish; generally translucent distally and sometimes transparent. Caudal fin translu-
cent, sometimes transparent in mid-centre and central part of upper and lower
lobes. Dorsal, anal and caudal fin with some small, rounded, dark-brown spots on
membranes in-between rays and on rays themselves. Spots more obvious in larger
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Table 5. Meristics for neotype and other examined specimens of H. cuvieri.
Holotype and all other specimens examined
Holotype Min Max n Median Std dev
Total number of lateral line
scales
52 48 55 27 53 1.7












Scales between pelvic fin and
lateral line
5 4 7 27 5 0.6
Scales between anal fin and
lateral line
6 5 7 27 7 0.6
Pre-dorsal scales 18 15 19 27 17 1.0
Dorsal–adipose scales 19 16 22 27 19 1.4
Adipose–caudal scales 15 12 18 27 16 1.6
Epibranchial gill rakers on first
gill arch
2 1 3 26 2 0.7
Epibranchial gill plates on first
gill arch
6 3 8 26 6–7 1.5
Ceratobranchial gill rakers on
first gill arch
7 5 9 26 7 1.1
Ceratobranchial gill plates on
first gill arch
4 2 6 26 4 1.1
Total number of gill rakers on
first gill arch (UR/1/LR)
10 8 13 26 10 1.3
well-marked, dark-brownish bands radiate behind eye on infra-orbitals and termi-
nate on opercle. Small black dorsoventrally elongated spot present behind head above
lateral line. Series of 10 to 16 small greyish elongated vertical bands, first situated just
behind opercle and last situated just anterior to the caudal-fin base sometimes present.
These bands tentatively identified as stress bands.
Colouration in life or in freshly caught specimens: body colour marbled brassy
olive to darker brown. Dorsal surface dark brassy olive with mottled dark brown
blotches on flanks and cream coloured ventrum. Adipose fin orange basally, remain-
der part black (Skelton et al. 1985; Skelton 2001).
Distribution
Hepsetus cuvieri was described from lac N’gami in Botswana by Castelnau (1861).
Based on the specimens examined in this study, the distribution of H. cuvieri includes
the Quanza, Cunene, Okavango, upper Zambezi and Kafue River systems. Within
the Congo River Basin H. cuvieri has been found in the middle Congo Basin, i.e. the
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Table 6. Morphometrics for neotype and other examined specimens of H. cuvieri.
Holotype and all other specimens examined
Holotype Min Max n Mean Std dev
Standard length (mm) 160 91.5 333 27 189.4 65.0
As percentage of SL
Pre-dorsal length 65.6 63.5 69.7 27 66.7 1.7
Dorsal–adipose length 9.7 9.0 12.7 27 11.2 0.8
Adipose–caudal length 7.2 6.4 10.4 27 7.7 0.9
Pre-pelvic length 32.5 28.9 33.0 27 30.9 1.2
Pelvic–pectoral length 23.8 20.5 27.4 27 24.4 1.7
Pectoral–anal length 23.8 18.2 25.2 27 21.9 1.8
Anal–caudal length 8.8 8.5 11.6 27 9.7 0.8
Dorsal-fin base 12.8 10.9 13.3 27 12.1 0.6
Adipose-fin base 7.8 4.1 7.8 26 5.9 1.0
Pectoral-fin base 9.7 7.2 11.8 26 9.8 1.1
Pelvis-fin base 9.3 7.2 11.7 26 9.5 1.2
Anal-fin base 10.6 9.1 11.8 27 10.5 0.7
Pre-anal length 77.5 72.4 80.4 22 76.9 2.0
Post-anal length 24.7 22.2 26.3 27 24.7 1.0
Dorsal fin height 20.3 18.4 26.9 26 22.2 2.1
Adipose fin height 23.3 14.2 24.9 26 20.5 2.2
Pectoral fin height 15.6 15.1 19.2 26 16.7 1.1
Pelvic fin height 15.9 14.2 18.1 27 16.2 1.0
Anal fin height 18.8 16.0 24.4 25 20.2 1.8
Caudal–peduncle length 11.6 10.8 13.3 27 12.3 0.7
Caudal–peduncle depth 8.4 7.7 10.5 27 8.9 0.7
Body depth 19.7 16.4 24.8 27 20.4 2.0
Head length 32.2 30.2 34.2 26 32.3 0.9
As percentage of HL
Nostril length 6.8 4.7 8.7 25 6.7 0.9
Nostril–eye length 1.9 1.6 2.9 26 2.3 0.4
Snout length 38.3 35.6 38.9 26 37.3 0.9
Eye diameter 17.5 13.4 22.2 26 18.0 2.2
Head depth 44.7 39.0 49.8 26 44.2 3.0
Eye–lower jaw length 27.2 19.7 34.3 26 28.0 3.8
Nostril–lower jaw length 41.7 36.6 47.4 26 42.3 3.0
Lower jaw length 64.1 58.7 67.2 26 63.5 2.3
Upper jaw length 68.5 63.5 73.5 26 68.8 2.5
Head width 30.1 28.8 40.4 26 33.6 2.8
Interorbital distance 26.2 23.7 32.4 25 28.2 2.2
Internasal distance 20.6 17.9 25.6 25 20.7 1.8
Discussion
According to Vari (1995), Hepsetus is part of an ancient group in existence prior to
the break-up of South America and Africa (85 MYA). Therefore, it is likely that the
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Figure 7. Lateral view of H. cuvieri, neotype, BMNH 1910.5.31.21, 160.0 mm SL, Lake Ngami
(Botswana).
Figure 8. Distribution of H. cuvieri based on the examined specimens. () type locality; (•)
other localities. 1 = Cunene; 2 = Quanza; 3 = Kasai (Congo Basin); 4 = Luapula; 5 = Zambezi;
6 = Okavango.
The upper Zambezi region has a complex geomorphological history resulting in
major river course changes and river captures (Skelton 1994). Historical drainage
connections occurred between the Okavango–upper Zambezi and the upper Zambezi–
Congo Basin (Bell-Cross 1968; Skelton 1994). For instance, the Kasai River, a
north-flowing tributary of the middle Congo, appears to have captured an east-flowing
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river (Veatch 1935). Further, during the Early Tertiary, the Cunene, Okavango, upper
Zambezi, Kafue and Chambesi River were connected (see Skelton 1994) and formed
the headwaters of a large drainage system flowing to the west coast (Bell-Cross 1968;
Moore and Larkin 2001). This resulted in a common or similar fauna within this
large system (Bell-Cross 1968). Subsequently, the middle and lower Zambezi (includ-
ing the Luangwa) formed a separate east-coast system together with Lake Malawi
and its southern outlet the Shire River. Late-Tertiary river capture led to the Cunene
breaking away to drain into the Atlantic Ocean while the middle Zambezi captured
the upper Zambezi and Kafue rivers to form the modern configuration. In modern
times, the Okavango and upper Zambezi still periodically connect via the Selinda
spillway. Although the Kafue is a tributary of the middle Zambezi, physical barri-
ers effectively separate the fish populations in these two sections. The Victoria Falls
and the Buckenham and Chasinta falls in the Kafue Gorge form important barriers
to upstream migration and as such prevent mixing of the fish faunas of the mid-
dle Zambezi with those of the upper Zambezi and Kafue sub-systems (Bell-Cross
1968). Downstream movement of fish over the falls may be possible but the differ-
ent nature of the middle Zambezi (i.e. limited floodplains and swamps) has prevented
the establishment and spread of many upper Zambezi fish species (Balon 1974; Jubb
1976, 1977, Zengeya and Marshall 2008). At present, the most likely dispersal route
between the Zambezi and Congo basins is through watersheds of the upper Congo and
the headwaters of upper Zambezi (Bell-Cross 1968). At the beginning of the heavy
rains in November fish move up from the Congo River to the watersheds with the
upper Zambezi. There is, however, no evidence of a similar movement from the upper
Zambezi, probably due to a steeper slope. Nevertheless, fish movements away from
the watershed occur to both Congo as well as the Zambezi tributaries (Bell-Cross
1965).
As mentioned above, a better insight into the hydrogeographical history of these
rivers might help to explain the present distribution of H. cuvieri. It is striking that
H. cuvieri only occurs in the drainage system of the west coast (see above) and is
absent from the eastern drainage system (i.e. the middle, except for the Kafue, and
lower Zambezi, the Luangwa River, the Shire River and Lake Malawi). However,
H. odoe (most probably a misidentification for H. cuvieri) is known from Lake Kariba,
an artificial lake in the middle Zambezi, based on a single record (Sanyanga and Feresu
1994; Marshall 2006). There is, however, no evidence that the species is established
and spreading in the system. Since the creation of the lake in 1958, many species were
accidently or purposefully introduced to the lake (Sanyanga and Feresu 1994). It is
therefore possible that Hepsetus is only recently present in the region. It might be pos-
sible that the above mentioned specimen is a “run-off specimen” or that the species has
been introduced by anglers since Hepsetus is an excellent angling species (Sanyanga
and Feresu 1994). It should be noted that the aforementioned drainage patterns and
connections between rivers do not take into account the Quanza River, from where
H. cuvieri is also reported. However, Bell-Cross (1968) mentions a possible historical
exchange of fauna between the Cunene and the Quanza; and Skelton (1994) states the
inclusion of the (upper) Quanza in the western drainage system can be confirmed by
clear ichthyofaunal similarities.
Boulenger (1901, p. 139) described Hepsetus odoe var. microlepis (Boulenger, 1901)
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Boulenger (1901) reported the species from the Stanley Falls (also known as the
Wagenia Falls) (BMNH 1897.9.30.15) and at Lake Leopold II (i.e. Lake M’Bali, Ibali,
presently Lake Mai Ndombe) (BMNH 1899.9.26.78, 1899.9.26.79 and MRAC 711).
Boulenger (1901) first reported specimens from the Congo and Lake Ngami and our
results show that H. cuvieri is not conspecific with the specimens from the Congo Basin
“North” where his other specimens came from. Because of this, H. odoe var. microlepis
is considered conspecific with the specimens of Congo Basin “North” rather than with
the specimen from Lake Ngami (BMNH 1910.5.31.21) herein identified as the lecto-
type of H. cuvieri. Therefore, H. odoe var. microlepis is retained as a junior synonym
of H. odoe.
Based on the preliminary results for Hepsetus from the remaining part of
Africa (see our preliminary comparison of the Congo River basin specimens [Congo
“North”] with the Guinea specimens [H. odoe type locality region]), there is evidence
for the existence of at least two other different species. In addition, the H. odoe var. lin-
eata syntypes differ from both of the two groups of specimens examined. Nevertheless,
a revision of the remaining specimens, currently named as H. odoe, is outside the scope




Guinea: MRAC 92-059-P-0636-0647, 144.0–180.0 mm SL, Rio Kapatchez, pont près
de Songolon, Kakala (10◦ 43′ N, 14◦ 22′ W). MRAC 92-059-P-0648, 203.0 mm SL,
Batapon River, affluent of Rio Nuñez, Kamouri (11◦ 00′ N, 14◦ 19′ W). MRAC
92-059-P-0649, 177.0 mm SL, Ndyarendi River, Kogon (± 11◦ 21′ N, 14◦ 30′ W).
MRAC 92-059-P-0650-0655, 169.0–230.0 SL, Aboulapon River, affluent of Kogon,
Dabiss (11◦ 11′ N, 14◦ 32′ W). MRAC 92-059-P-0657, 149.5 mm SL, Ndyarendi River,
Kogon (± 11◦ 21′ N, 14◦ 30′ W). ZMB 3615, holotype 149.4 mm SL, Coast of Guinea,
provided by Dr Isert (Paepke 1999).
Hepsetus cf. odoe
Democratic Republic of Congo: MRAC 2251, 172.5 mm SL, Ilando, (± 01◦ 01′ N, 23◦
58′ E). MRAC 7995, 135.0 mm SL, Poko, (± 03◦ 09′ N, 26◦ 53′ E). Coll. C. Christy
1912. MRAC 67081, 240.0 mm SL, region de Mushie, Kasai River (± 03◦ 02′ S, 16◦
55′ E). MRAC 68941, 133.0 mm SL, rivière Nepoko, région de Bomili, (± 01◦ 40′
N, 27◦ 01′ E). MRAC 73-023-P-0102, 185.0 mm SL, Tshuapa River, Boende, (± 00◦
14′ S, 20◦ 50′ E). MRAC 87669, 90.5 mm SL, Momboyo River, Boangi, (± 01◦ 51′
S, 20◦ 56′ E). MRAC 102424-102425, two specimens 186.5–194.5 mm SL, étang de la
Bungumu, paysannat Babua, env. de Bambesa, Uélé (± 03◦ 22′ N, 25◦ 44′ E). MRAC
102479, 198.0 mm SL, Mokpete, environs de Bambesa, Uélé (± 03◦ 22′ N, 25◦ 44′ E)
Coll. P. Charlier 27 July 1955. MRAC 73-23-P-137-141, 191.0–224.5 mm SL, Lienard,
Buta (03◦ 04′ N, 25◦ 31′ E). MRAC 131853, 217.5 mm SL, Yangole, rivière Lilanda
(00◦ 48′ N, 24◦ 17′ E). MRAC 73-23-P-119-136, 10 specimens 135.0–260.5 mm SL,
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Hepsetus odoe var. lineata
MRAC 19132, syntype, 206.5 mm SL, Tshela (± 4◦ 59′ S 12◦ 56′ E) Coll. H.
Schouteden. MNHN 1925–0248. syntype, 146 mm SL; Tshela, (± 4◦ 59′ S, 12◦ 56′
E) Coll. Dr Schouteden (1925).
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